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HIIHFWV7KHVHFRQGVWHSLVWKHGHILQLWLRQRIWKHSK\VLFDOLPSDFWVIRUWKHUHIHUHQFHDQGDOWHUQDWLYHVFHQDULRV)RUHDFK
VFHQDULRLPSDFWVLQSK\VLFDOYDOXHDUHGHILQHG7KHVHYDOXHVDUHODWHUXVHGIRUPRQHWDU\FDOFXODWLRQV)RUH[DPSOH
WKHH[WHUQDOLWLHVWKDWDUHUHODWHGWRFOLPDWHGDPDJHVKRXOGEHUHSUHVHQWHGLQWHUPVRIFDUERQVDYLQJV±PHDVXUHGLQ
WRQQHVRIFDUERQGLR[LGHHTXLYDOHQWW&2>@'XULQJWKHDQDO\VLVWKHDPRXQWRI&2DUHFRPSDUHGDQGWKHHIIHFW
WRFOLPDWHFKDQJHRIWKHSURMHFWFDQEHHVWLPDWHG±ZKHWKHUWKHHPLVVLRQVDUHLQFUHDVHGRUGHFUHDVHG7KHWKLUGVWHS
LV OLQNHG WRYDOXDWLRQRI WKH LPSDFWV7KHPRVW FKDOOHQJLQJSDUW LVPRQHWDU\YDOXDWLRQRIHQYLURQPHQWDO LPSDFWV
$FFRUGLQJWRWKHSURSRVHGVFHQDULRVWKHPDLQHQYLURQPHQWDOLPSDFWVWKDWVKRXOGEHPRQHWDUL]HGDUHHPLVVLRQVRI
GLVSRVHGZDVWHLQODQGILOOHPLVVLRQVIURPWUDQVSRUWVHUYLFHVDQGHPLVVLRQVIURPHQHUJ\SURGXFWLRQ2QHRIWKHPRVW
FRPPRQ DSSURDFKHV WR HVWLPDWH H[WHUQDOLWLHV LV WKH LPSDFW SDWKZD\ DSSURDFK ZKLFK LV SDUW RI WKH ([WHUQ(
PHWKRGRORJ\GHYHORSHGE\WKH(XURSHDQ&RPPLVVLRQ>@
7KHLPSDFWSDWKZD\DSSURDFKFRQVLVWVRIVHYHUDOEDVLFVWHSV>@

x (VWLPDWLRQ RI HPLVVLRQV DFFRUGLQJ WR FKRVHQ WHFKQRORJ\ HJ NJ RI R[LGHV RI QLWURJHQ 12[ SHU *:K
HPLWWHGE\DSRZHUSODQWNJRISDUWLFXODUPDWWHUVSHU*-HPLWWHGE\SXEOLFEXVHWF
x &DOFXODWLRQRIGLVSHUVLRQRILQFUHDVHGSROOXWDQWFRQFHQWUDWLRQVLQDIIHFWHGUHJLRQV7KHHVWLPDWLRQLVFDUULHG
RXWE\XVLQJPRGHOVRIDWPRVSKHULFGLVSHUVLRQ
x &DOFXODWLRQRILPSDFWRIWKHFXPXODWHGH[SRVXUHIURPWKHLQFUHDVHGFRQFHQWUDWLRQ'XULQJWKLVVWHSWKHLPSDFW
LVFDOFXODWHGLQSK\VLFDOXQLWVDQGXVHVDQH[SRVXUHUHVSRQVHIXQFWLRQHJFDVHVRIDVWKPDGXHWRWKLVLQFUHDVH
LQ2
x 9DOXDWLRQRIFRVWVRIWKHGHWHUPLQHGLPSDFWVLQPRQHWDU\WHUPVHJPXOWLSOLFDWLRQE\WKHPRQHWDU\YDOXHRI
DFDVHRIDVWKPD

7KHLPSDFWSDWKZD\DSSURDFKLVXVHGWRGHWHUPLQHKHDOWKGDPDJHFRVWVZKLFKDUHVWURQJO\OLQNHGZLWKWKHSRSXODWLRQ
WKDW LV DIIHFWHG &OLPDWH GDPDJH FRVWV FDXVHG E\*+* HPLVVLRQV FDQ EH HYDOXDWHG VLPLODUO\ LQ DOO SODFHV ,W LV QRW
LPSRUWDQWZKHUHWKH*+*HPLVVLRQVWDNHSODFHEHFDXVHRIDORQJKDOIOLIHSHULRG±WKHHIIHFWVDUHRQDJOREDOVFDOH>@
$FFRUGLQJWRWKHFRVWEHQHILWSULQFLSOHVIXUWKHUVWHSVDUHGLVFRXQWLQJRIFRVWDQGEHQHILWIORZV$IWHUIXOILOOLQJDOO
WKHVWHSVSUHVHQWHGWKHUHVXOWVFDQEHDQDO\VHGDQGWKHEHVWDOWHUQDWLYHFDQEHVHOHFWHG
$SSOLFDWLRQRIWKHPHWKRGRORJ\LQWKHFDVHVWXG\RI9DOPLHUDPXQLFLSDOLW\
7KHDSSUREDWLRQRIWKHPHWKRGRORJ\LVFDUULHGRXWIRU9DOPLHUDPXQLFLSDOLW\9DOPLHUDLVFRQVLGHUHGWREHRQHRI
WKHLQGXVWULDOFHQWUHVLQ1RUWK(DVWHUQ/DWYLDDQGEHORQJVWRWKHKLVWRULFDO9LG]HPH5HJLRQ9DOPLHUDLVDPLGVL]HG
FLW\ZLWKLQKDELWDQWVRIWKHWRWDOSRSXODWLRQRI/DWYLD>@DQGWKHDUHDRIWKHFLW\LVNP>@
9DOPLHUD LV RQH RI WKH FLWLHV LQ WKH 1RUWK 9LG]HPH:DVWH 0DQDJHPHQW 5HJLRQ 2QO\ RQH PXQLFLSDO ZDVWH
FRPSDQ\³1RUWK9LG]HPH:DVWH0DQDJHPHQW&RPSDQ\´=$$2RSHUDWHV LQ WKLV UHJLRQ&XUUHQWO\DOOXQVRUWHG
DQGVRUWHGPXQLFLSDOVROLGZDVWHLQWKHUHJLRQLVFROOHFWHGDQGWUDQVSRUWHGWRWKHODQGILOOVLWH'DLEHORFDWHGDURXQG
NPIURPWKHFLW\RI9DOPLHUD'XULQJWKHPHFKDQLFDOWUHDWPHQWSURFHVVWKHZDVWHLVVRUWHGLQWRVHYHUDOIUDFWLRQV
$URXQG  RI WKH WRWDO ZDVWH DPRXQW LV SURFHVVHG LQWR ILQH IUDFWLRQ DQG  RI LW LV PDGH RI ELRORJLFDOO\
GHJUDGDEOHPDWHULDO>@7KHHPLVVLRQFRQFHQWUDWLRQLQ9DOPLHUDFLW\LVDSSUR[LPDWHO\RIWKHZKROHHPLVVLRQ
FRQFHQWUDWLRQLQWKHUHJLRQ$FFRUGLQJWRWKH(QYLURQPHQWDO5HYLHZRI9DOPLHUDFLW\>@LWLVIRUHFDVWHGWKDWWKH
PDLQIDFWRUFDXVLQJDLUTXDOLW\GHWHULRUDWLRQLQWKHIXWXUHZLOOEHURDGWUDQVSRUWHPLVVLRQV
4.1. Defining reference and alternative scenarios for the case study 
7KH EDVH VFHQDULR DQG WZR DOWHUQDWLYHV GU\ IHUPHQWDWLRQ ZHW IHUPHQWDWLRQ ZHUH HYDOXDWHG 7KH GHVFULEHG
DOWHUQDWLYHLQSUHYLRXVVHFWLRQVELRPHWKDQHLQMHFWLRQLQWRQDWXUDOJDVJULGZDVQRWHYDOXDWHGLQWKHFDVHVWXG\GXH
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WR WKHVPDOODPRXQWRISURGXFHGELRPHWKDQHDQG WRR ORQJGLVWDQFH WRQDWXUDOJDVSLSHOLQH2WKHU WZRDOWHUQDWLYHV
%LRJDVXVDJHLQ&+3%LRPHWKDQHIXHOOHGSXEOLFWUDQVSRUWDUHGHVFULEHGLQWKLVVWXG\
7KH UHIHUHQFH VFHQDULR LQFOXGHV ILJXUHV IURP WKH H[LVWLQJ ZDVWH PDQDJHPHQW V\VWHP ODQGILOO 'DLEH SXEOLF
WUDQVSRUW LQ WKH FLW\ RI 9DOPLHUD DQG &+3 SODQW -6& ³9DOPLHUD (QHUJLMD´ 5LJDV VWUHHW  9DOPLHUD 7KH
HVWLPDWHGFRVWVRIWKHODQGILOODUHFRQVLGHUHGWLOOZKLFKLVWKHRIILFLDOFORVHGRZQRIWKHODQGILOO,WLVFRQVLGHUHG
WKDWWKHELRJDVSURGXFWLRQSODQWZLOOEHLQVWDOOHGQH[WWRWKHODQGILOO'DLEHDFFRUGLQJWRWKHH[LVWLQJLQIUDVWUXFWXUH
4.2. Estimation of externalities 
7KHPDLQ FRVWV FRQVLGHUHG LQ WKH FDOFXODWLRQVZKHUH FOLPDWH GDPDJH FRVWV FDXVHG E\ &2 HPLVVLRQV DQG
KHDOWK GDPDJH FRVWV FDXVHG IURP HPLVVLRQV IURP WUDQVSRUW HJ12[ &OLPDWH GDPDJH FRVWVZHUH FDOFXODWHG
EDVHGRQ WKH&2YDOXH WKDWZDVGHILQHG LQ(XURSHDQ&RPPLVVLRQ >@ UHSRUW (85W&2+HDOWKGDPDJH
FRVWVFDXVHGIURPWUDQVSRUWZHUHFDOFXODWHGEDVHGRQWKH(XURSHDQ&RPPLVVLRQUHSRUW>@
4.2.1. Landfill 
7KHPDLQH[WHUQDOFRVWVDUHHPLVVLRQVIURPODQGILOOWKDWFDXVHFOLPDWHGDPDJH7KHH[WHUQDOFRVWVIRU&2DQG&+
HPLVVLRQVZHUHFDOFXODWHG,QRUGHUWRFDOFXODWHWKHDPRXQWRIODQGILOOJDV/DQG*(0PRGHOZDVXVHG7KHODQGILOOJDV
HIILFLHQF\ZDVDVVXPHGWREH)URPWKLVDVVXPSWLRQRIWKHODQGILOOJDVLVHPLWWHGWRDLUDQGWKHVHDUHWKH
H[WHUQDOLWLHVWKDWFDXVHFOLPDWHGDPDJH7KHDYHUDJHFDOFXODWHGH[WHUQDOFRVWVSHUGLVSRVHGWRQQHRIZDVWHZHUH
(85WZDVWH$QRWKHUFOLPDWHGDPDJHFDXVLQJIDFWRULVWUDQVSRUWDWLRQRIWKHZDVWH7KHIROORZLQJSDUDPHWHUVZHUHXVHG
IRU WKHVH FDOFXODWLRQV DYHUDJH GLVWDQFH ZDVWH FROOHFWLRQ WUXFNV WUDYHOOHG SHU \HDU DQG DYHUDJH IXHO FRQVXPSWLRQ
(PLVVLRQVIURPZDVWHFROOHFWLRQWUDQVSRUWZHUHHVWLPDWHGEDVHGRQGLVWDQFHWUDYHOOHGNP7RFDOFXODWHKHDOWKGDPDJH
FRVWV LPSDFW IURP ZDVWH FROOHFWLRQ WUXFNV ZDV DVVHVVHG E\ LQWURGXFLQJ HPLVVLRQ IDFWRUV IURP WKH 8. 1DWLRQDO
$WPRVSKHULF(PLVVLRQ,QYHQWRU\GDWDEDVH>@7KHH[WHUQDOFRVWVFOLPDWHGDPDJHDQGKHDOWKGDPDJHFRVWVRIZDVWH
FROOHFWLRQ NP DUH  (85NP ([WHUQDO EHQHILWV GHSHQG RQ DYRLGHG HPLVVLRQV IURP ODQGILOO $V LW ZDV GHILQHG
SUHYLRXVO\WKHJDVFROOHFWLRQHIILFLHQF\LV*+*HPLVVLRQVIURPODQGILOOZHUHFDOFXODWHGDQGH[SUHVVHGDVW&2
HTXLYDOHQW7KHDYHUDJHFDOFXODWHGH[WHUQDOEHQHILWVSHUGLVSRVHGWRQQHRIZDVWHDUH(85WZDVWH
4.2.2. Alternatives - dry and wet fermentation 
7KHPDLQ VRFLDO EHQHILW LV DYRLGHG ODQGILOO HPLVVLRQV$VVXPLQJ WKDW ELRGHJUDGDEOHZDVWH LV QRW GLVSRVHG WKH
H[WHUQDOFRVWVFDOFXODWHGLQWKHUHIHUHQFHVFHQDULRDUHWKHH[WHUQDOEHQHILWVLQWKHDOWHUQDWLYHVFHQDULR$VVXPLQJWKDW
IURPELRGHJUDGDEOHZDVWHLVQRWODQGILOOHGWKHH[WHUQDOEHQHILWVSHUWRQQHRISURFHVVHGELRGHJUDGDEOHZDVWH
DUH(85WSURFHVVHG ,QFDVHRIGU\IHUPHQWDWLRQVFHQDULR WKHZDVWHFROOHFWLRQV\VWHPDQGDOVRHPLWWHGHPLVVLRQV
IURPZDVWHFROOHFWLRQWUXFNVUHPDLQWKHVDPHDVLQWKHUHIHUHQFHVFHQDULR7KHRSSRVLWHVLWXDWLRQLVLQFDVHRIZHW
IHUPHQWDWLRQVFHQDULR  WKHZDVWHFROOHFWLRQV\VWHPKDVEHHQPRGLILHG ORQJHUGLVWDQFH WUDYHOOHG WRFROOHFW VRUWHG
ZDVWHDQGWKHHPLVVLRQVIURPWKHZDVWHWUXFNVDUHLQFUHDVHGVHH)LJD
4.2.3. Public transport 
7KH SDUDPHWHUV WKDWZHUH WDNHQ LQWR DFFRXQW WR FDOFXODWH WKH LPSDFW IURP SXEOLF WUDQVSRUW DUH WKH IROORZLQJ
DPRXQW RI SXEOLF EXVHV DYHUDJH GLVWDQFH WUDYHOOHG IRU RQH EXV SHU \HDU IXHO FRQVXPSWLRQ PDLQWHQDQFH FRVWV
3XEOLFWUDQVSRUWRSHUDWLRQLQFOXGHFOLPDWHDQGKHDOWKGDPDJHFRVWV7KHVDPHHPLVVLRQIDFWRUV>@DQGPRQHWDU\
YDOXHV>@ZHUHXVHGDVSUHYLRXVO\GHVFULEHG7KHFOLPDWHGDPDJHFRVWVZHUHLQGLFDWHGDV(85NPDQGKHDOWK
GDPDJHFRVWVZHUH(85NP7KHQRLVH LPSDFWRISXEOLF WUDQVSRUWZDVHVWLPDWHGDQGDQ LQGLFDWLYHYDOXHRI
(85NPZDVXVHG LQ WKH VWXG\ >@)RU DOWHUQDWLYH VFHQDULRVRISXEOLF WUDQVSRUW FOLPDWHGDPDJH FRVWV DUH
FRQVLGHUHGQHXWUDOGXHWRWKHIDFWWKDW&2HPLVVLRQVIURPFRPEXVWHGELRPHWKDQHGRQRWFRQWULEXWHDQ\QHW*+*
LQWRWKHDWPRVSKHUH>@7KHUHGXFHGHPLVVLRQVIURPIRVVLOIXHOWUDQVSRUWDUHWKHEHQHILWV7KLVUHVXOWLQWKDWFOLPDWH
GDPDJHFRVWVDUHUHGXFHGE\(85NP+HDWKGDPDJHFRVWVDUHUHGXFHGDVZHOO7KHHVWLPDWHGKHDOWKGDPDJH
FRVWVDUH(85NP1RLVHLPSDFWFRVWVDUHUHGXFHGE\FRPSDUHGWRUHIHUHQFHVFHQDULR>@
4.2.4. CHP 
 7KH IXHO XVHG LQ WKH&+3 LV QDWXUDO JDV7KH WRWDO FDSDFLW\ RI WKH SODQW LV 0:DQG DQQXDOPD[LPXP
QDWXUDO JDV FRQVXPSWLRQ LV  PLOO P\HDU >@ &OLPDWH GDPDJH FRVWV DUH FDOFXODWHG EDVHG RQ WKH IXHO
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FRQVXPSWLRQDQGHPLVVLRQIDFWRURIQDWXUDOJDV7KHWRWDO&2HPLVVLRQVIURPWKHERLOHUKRXVHDUHW&2\HDU
>@$FFRUGLQJWRWKHDPRXQWRIHPLVVLRQVWKHHVWLPDWHGFOLPDWHGDPDJHFRVWVDUH(85P7KHDPRXQWRI
SURGXFHGELRJDVFDQUHSODFHQDWXUDOJDVDQGUHGXFH WKH&2HPLVVLRQV LQ WKHDOWHUQDWLYHVFHQDULRV7KHHVWLPDWHG
SURGXFWLRQRIELRJDVLVEHWZHHQ±PLOO1P\HDULQWKH±SHULRG7KHUHSODFHGELRJDVFDQUHGXFH
FOLPDWHGDPDJHUHVXOWLQJIURPXVDJHRIQDWXUDOJDV(85P 
5HVXOWV
7KHFDSLWDO FRVWV RIZDVWHSURFHVVLQJ DUH UHSUHVHQWHG DV WRWDO FDSLWDO FRVWV SHU WRWDO ODQGILOOHGZDVWH2SHUDWLQJ
FRVWV DUH UHSUHVHQWHG DV DQQXDO RSHUDWLQJ FRVWV SHU DQQXDOO\ FROOHFWHG ZDVWH (85W VHH 7DEOH  7KH FOLPDWH
GDPDJHFRVWVIRUODQGILOORSHUDWLRQVDUHWKHWRWDOGDPDJHFRVWVIURPWKH*+*HPLVVLRQVSHUWRWDODPRXQWRIODQGILOOHG
ZDVWH)RUDOWHUQDWLYH,GU\IHUPHQWDWLRQDQG,,ZHWIHUPHQWDWLRQWKHGDPDJHFRVWVDUHUHGXFHGGXHWRWKHDYRLGHG
HPLVVLRQVIURPODQGILOOJDVLHELRGHJUDGDEOHZDVWHLVVHSDUDWHGDQGQRWODQGILOOHGDQGWKHHPLVVLRQVDUHUHGXFHGVHH
)LJ  D 7KH DYRLGHG HPLVVLRQV ZHUH FDOFXODWHG DVVXPLQJ WKDW WKH ZDVWH LV QRW ODQGILOOHG IURP WKH \HDU 
$OWHUQDWLYHVIRUILQDOHQHUJ\XVHZHUHFRPSDUHGLQDVLPLODUPDQQHUDVZDVGRQHIRUZDVWHSURFHVVLQJ7DEOHSUHVHQWV
WKHLQGLFDWLYHYDOXHVRISXEOLFWUDQVSRUWRSHUDWLRQVFDSLWDODQGRSHUDWLQJFRVWV$OWHUQDWLYHV,DQG,,KDYHPXFKKLJKHU
FDSLWDOFRVWVGXHWRLQYHVWPHQWVIRUDQHZILOOLQJVWDWLRQDQGXSJUDGLQJSODQW7KHSULFHRIDJDVIXHOOHGEXVLVDURXQG
KLJKHU WKDQ IRUDGLHVHO IXHOEXVDQGDOVRPDLQWHQDQFHFRVWVDUHKLJKHU%DVHGRQ WKHFXUUHQWRSHUDWLRQDODQG
PDLQWHQDQFHFRVWVRIWKH&+3SODQWRSHUDWLRQDOFRVWVIRUERWKDOWHUQDWLYHVZHUHFDOFXODWHG7KHH[LVWLQJSODQWGRHVQRW
UHTXLUHVLJQLILFDQWLQYHVWPHQWVWRXVHELRJDVIRUHQHUJ\SURGXFWLRQ7KHRSHUDWLQJFRVWVLQFOXGHWKHSULFHRIXVHGIXHO
7KHSULFHRIQDWXUDOJDVZDVDVVXPHG(85PDQGIRUELRJDV(85P
7DEOH&RPSDUDEOHYDOXHVRIZDVWHSURFHVVLQJRSWLRQVDQGSXEOLFWUDQVSRUW
:DVWH
SURFHVVLQJ
&DSLWDO 2SHUDWLQJ
3XEOLF
WUDQVSRUW
&DSLWDO
([WUDFDSLWDO 2SHUDWLRQ
DQG
PDLQWHQDQFH
2SHUDWLQJIXHO
8SJUDGLQJ )LOOLQJVWDWLRQ
5HIHUHQFHVFHQDULR 5HIHUHQFHVFHQDULR
(85WODQGILOOHG (85WRSHUDWHG (85EXV(85NP   (85NP (85O
      
$OWHUQDWLYH,GU\IHUPHQWDWLRQ $OWHUQDWLYH,GU\IHUPHQWDWLRQ
(85WSURFHVVHG (85WRSHUDWHG (85EXV(85NP (85PK (85VWDWLRQ (85NP (85P
      
$OWHUQDWLYH,,ZHWIHUPHQWDWLRQ $OWHUQDWLYH,,ZHWIHUPHQWDWLRQ
(85WSURFHVVHG (85WRSHUDWHG (85EXV(85NP (85PK (85VWDWLRQ (85NP (85P
      

7KHDQQXDOH[WHUQDOFRVWVIRUDOOVFHQDULRVDUHSUHVHQWHGLQ)LJDE7KHODUJHVWVKDUHRI WKHWRWDOH[WHUQDO
FRVWV LV H[WHUQDOLWLHV IURP ODQGILOO ,Q ERWK HQHUJ\ XVH DOWHUQDWLYHV a RI WKH WRWDO H[WHUQDO EHQHILWV DUH IURP
DYRLGHGHPLVVLRQVIURPODQGILOO7KLVVKRZVWKHVLJQLILFDQFHRI³PRYLQJDZD\IURPODQGILOOV´+HDOWKLPSDFWVPLJKW
YDU\DFFRUGLQJWRSRSXODWLRQGHQVLW\DQGLQRWKHUFLWLHVFDQSURGXFHDFRPSOHWHO\GLIIHUHQWRXWFRPH)RUWKLVUHDVRQ
FDOFXODWLRQV RI &2 FOLPDWH GDPDJH DQG PRQHWDU\ YDOXH FDQ EH XVHG ZRUOGZLGH GXH WR WKH JOREDO DQG ORQJ
WHUPLPSDFW
7KHDOWHUQDWLYH,,ZLWKELRPHWKDQHXVHLQSXEOLFWUDQVSRUWKDVWKHJUHDWHVWELRJDVELRPHWKDQHSURGXFWLRQDQGWKH
QXPEHURIEXVHVUXQQLQJZLWKELRPHWKDQH$FFRUGLQJWRWKHLQGLFDWLYHFRPSDUDEOHYDOXHVRIEHQHILWVDQGFRVWVIRU
SXEOLFWUDQVSRUWFOLPDWHGDPDJHEHQHILW(85NPDQGKHDOWKGDPDJHFRVWV(85NPVHH7DEOHLQFDVH
RI9DOPLHUDFLW\ERWKELRJDVSURGXFWLRQDOWHUQDWLYHVKDYHDVLPLODURXWFRPHLHE\KLJKHUVKDUHRIWKHUHSODFHIRVVLO
IXHO KLJKHU HQYLURQPHQWDO EHQHILWV ZLOO EH REWDLQHG )URP WKH LQYHVWPHQW SRLQW RI YLHZ VHH 7DEOH  WKHZHW
IHUPHQWDWLRQSODQWLVPRUHVXLWDEOHIRUJUHDWHUDPRXQWRIZDVWHLQSXW±JHQHUDWHGELRJDV,QFUHDVLQJWKHELRJDVSODQW
FDSDFLW\ZLOOGHFUHDVHWKHSULFHRIJHQHUDWHGELRJDV,I WKHFXUUHQWZDVWHPDQDJHPHQWV\VWHPLQ9DOPLHUDZLOOEH
LPSURYHG DQG WKH UDWH RI WKH VHSDUDWHG ELRGHJUDGDEOH ZDVWH ZLOO LQFUHDVH D ZHW IHUPHQWDWLRQ SODQW LV WKH EHVW
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DOWHUQDWLYH'HSHQGLQJRQ WKH LQYHVWRU FDSLWDO FRVWV FDQEHFDOFXODWHG ,W VKRXOGEHPHQWLRQHG WKDW LQ DQDO\VLVRI
&+3SODQWKXPDQKHDOWKGDPDJHFRVWVZHUHQRWFDOFXODWHGGXHWRWKHODFNRIVXLWDEOHH[WHUQDOFRVWGDWD&DOFXODWLRQ
RIVXFKFRVWVPLJKWFKDQJHWKHH[WHUQDOEHQHILWVRIWKH&+3SODQWGXHWRWKHIDFWWKDWWKHSODQWPLJKWLQIOXHQFHRQ
KHDOWKRQWKHSRSXODWLRQRI9DOPLHUDFLW\

 D  E 
)LJ7RWDODQQXDOH[WHUQDOFRVWVEHQHILWVDODQGILOORSHUDWLQJDQGSXEOLFWUDQVSRUWEODQGILOORSHUDWLQJDQG&+3SODQW
7KHH[WHUQDOFRVWV LQ WKLVVWXG\ZHUHFDOFXODWHG IRU WKUHHVHUYLFHV WKDWFLWL]HQVRI9DOPLHUDFLW\ UHFHLYHZDVWH
FROOHFWLRQ SXEOLF WUDQVSRUW DQGKHDW DQG HOHFWULFLW\ JHQHUDWLRQ7KHPDUNHW SULFH RIZDVWH WDULII SXEOLF WUDQVSRUW
WLFNHWDQGKHDWWDULIIDFFHSWVWKHH[WHUQDOLWLHVIURPODQGILOODQGSXEOLFWUDQVSRUWRU&+3SODQW)RUH[DPSOHH[WHUQDO
KXPDQKHDOWKGDPDJHFRVWVRIDQDYHUDJHWULSE\SXEOLFWUDQVSRUWLQ9DOPLHUDLVa(85WULSFDXVHGIURP12[
DQG30,PSURYLQJLQIUDVWUXFWXUHIRUELRPHWKDQHXVDJHLQSXEOLFWUDQVSRUWPLJKWLQIOXHQFHWKHSULFH
&RQFOXVLRQ
3ROLF\ LPSURYHPHQWVQHHG WREH LQWURGXFHG WR VXSSRUWHIIHFWLYHZDVWHFROOHFWLRQE\HQVXULQJFRRSHUDWLRQZLWK
GLIIHUHQWVWDNHKROGHUVPXQLFLSDOZDVWHFROOHFWLRQFRPSDQ\SXEOLFWUDQVSRUWRSHUDWRUZDVWHWUHDWPHQWPDQDJHPHQW
HQHUJ\SURGXFHUHWF7KHFRRSHUDWLRQRSSRUWXQLWLHVKDYHDOUHDG\VKRZHGJRRGUHVXOWVLQDFKLHYLQJHQYLURQPHQWDO
EHQHILWVDVZHOO,PSURYHPHQWRIPXQLFLSDOFRPPHUFLDODQGLQGXVWULDOZDVWHFROOHFWLRQZLOOVLJQLILFDQWO\LQFUHDVH
WKHSURGXFHGDPRXQWRIELRJDVDQGELRPHWKDQHDFFRUGLQJWRWKHFKRVHQWHFKQRORJ\DVLWZDVFRQILUPHGDOVRZLWK
WKHFDVHVWXG\RI9DOPLHUD
&RVWEHQHILW DQDO\VLV FDQ EH XVHG DV D WRRO WR VKRZ WKH HQYLURQPHQWDO EHQHILWV DQG FRVWV WKDW XVXDOO\ DUH QRW
LQFOXGHGLQW\SLFDOSURMHFWDQDO\VLV,PSDFWSDWKZD\DSSURDFKLVRQHRIWKHHIILFLHQWZD\VWRGHWHUPLQHWKHPRQHWDU\
YDOXHRIHQYLURQPHQWDOH[WHUQDOLWLHV ,QWHJUDWHGFRVWEHQHILWDQDO\VLVZLWK LPSDFWSDWKZD\DSSURDFK LVDSRZHUIXO
WRRO WKDW LV VXJJHVWHG WR EH XVHG WR JXLGH GHFLVLRQV DERXW WKH SULRULWL]DWLRQ RI GLIIHUHQW LQYHVWPHQW RSWLRQV LQ
PXQLFLSDOLWLHV'XULQJWKHHYDOXDWLRQRIHQYLURQPHQWDOH[WHUQDOLWLHVLPSRUWDQWDVSHFWVWREHFRQVLGHUHGDUHHOHPHQWV
VXFKDVSRSXODWLRQGHQVLW\PHWHRURORJLFDOGDWDJHRJUDSKLFDO ORFDWLRQHWF7KHVHSDUDPHWHUVGHVFULEH WKHFHUWDLQ
DUHDZKHUHWKHSODQQHGDFWLYLWLHVZLOOWDNHSODFH7KHFOLPDWHGDPDJHFRVWVDUHYHU\VLJQLILFDQWGXULQJWKHLPSDFWRI
PRQHWL]DWLRQ DQG HYDOXDWLRQ 8VXDOO\ WKH JUHDWHVW DPRXQW RI DYRLGHG HPLVVLRQV LV GXH WR WKH UHGXFWLRQ RI *+*
HPLVVLRQV E\ UHSODFLQJ HJ IRVVLO IXHOV %DVHG RQ WKH ODWHVW DYDLODEOH LQIRUPDWLRQ DERXW (XURSHDQ FRXQWULHV &2
FOLPDWHGDPDJHFRVWVDW(85W&2ZHUHXVHGLQWKHVWXG\
7KHH[LVWLQJVLWXDWLRQLQ9DOPLHUDVKRZVWKHW\SLFDOVRFLDOH[DPSOHRIZLOOLQJQHVVWRDFFHSW7KHPDUNHWSULFHRI
ZDVWHWDULIISXEOLFWUDQVSRUWWLFNHWDQGKHDWWDULIIDFFHSWVWKHH[WHUQDOLWLHVIURPODQGILOODQGSXEOLFWUDQVSRUWRU&+3
SODQW)RU H[DPSOHSUHYLRXV LQYHVWLJDWLRQV VKRZV WKDWaRI LQKDELWDQWVRI9DOPLHUDGRQRW VXSSRUW VHSDUDWH
FROOHFWLRQV\VWHPRIELRGHJUDGDEOHZDVWHLIWKHSULFHRIZDVWHWDULIILVLQFUHDVHG
5HVXOWVVKRZWKDWWKHSRWHQWLDORIWKHSURFHVVHGELRGHJUDGDEOHZDVWHLQ9DOPLHUDFDQHQVXUHQRWRQO\LQWHUFLW\
EXVHVEXWDWOHDVWELRPHWKDQHIXHOEXVHVLIGU\IHUPHQWDWLRQLVVHOHFWHGDQGLIZHWIHUPHQWDWLRQLVLQWURGXFHG
7KH RSHUDWLRQDO DQG PDLQWHQDQFH FRVWV RI GLHVHO SXEOLF EXVHV DUH a  ORZHU WKDQ WKH RSHUDWLRQDO FRVWV RI
ELRPHWKDQHEXVHV+RZHYHUFRQVLGHULQJDOVRH[WHUQDOFRVWVDQGEHQHILWVWKHUHVXOWVVKRZWKHRSSRVLWH±WKHFRVWVRI
ELRPHWKDQHEXVHVDUHORZHU7KHUHVXOWVIURP9DOPLHUDFDVHVWXG\VKRZWKDWWKHWRWDORSHUDWLRQDOFRVWVLQFOXGLQJ
H[WHUQDOLWLHVFDQEHUHGXFHGE\IRUWKHZHWIHUPHQWDWLRQVFHQDULR7KHDOWHUQDWLYHZLWKZHWIHUPHQWDWLRQDQG
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ELRPHWKDQHXVHLQSXEOLFWUDQVSRUWLQ9DOPLHUDVKRZHGWKHJUHDWHVWHQYLURQPHQWDOEHQHILWPDMRUUHGXFHGH[WHUQDO
FRVWV,IWKHH[WHUQDODYRLGHGHPLVVLRQVIURPODQGILOODUHLQFOXGHGWRHYDOXDWHELRPHWKDQHXVHLQWUDQVSRUWVHFWRUWKH
DYRLGHG*+*HPLVVLRQVFDQEHXSWRRIWKHWRWDOH[WHUQDOEHQHILWV%HVLGHVWKHIDFWWKDWWKHZHWIHUPHQWDWLRQ
ZLWKELRPHWKDQHXVH LQSXEOLF WUDQVSRUWSURYLGHV WKHJUHDWHVW HQYLURQPHQWDO EHQHILW WKH VHW LQGLFDWLYHYDOXHV IRU
9DOPLHUD VKRZ VLPLODU H[WHUQDO EHQHILWV IURP GU\ IHUPHQWDWLRQ DQG SXEOLF WUDQVSRUW XVH DV ZHOO $FFRUGLQJ WR
ILQDQFLDODVSHFWVZHWIHUPHQWDWLRQUHTXLUHVKLJKHUFDSLWDODQGRSHUDWLRQDOFRVWV,IWKHDPRXQWRISURGXFHGELRJDVLV
LQFUHDVHGSURILWDELOLW\ZLOODOVRLQFUHDVH
$FNQRZOHGJPHQW
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´
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